Introduction
============

Simple microscopical quantification of *Ascaris suum*larvae migrating in the liver and lungs of pigs as carried out by e.g. \[[@B2]\] is very labourous, while the use of a modified Baermann technique on blended tissue \[[@B3]\] has been shown to reduce the work-load considerably. \[[@B7]\] and \[[@B9]\], however, developed an agar-gel technique for recovering nematode larvae from herbage samples, and this technique was later modified by \[[@B17]\] to isolate nematodes from the gastro-intestinal tract of sheep. Recently, the agar-gel technique has successfully been used for large scale recovery of minute *A. suum*larvae from pig intestinal contents \[[@B14]\], pig intestinal mucosa \[[@B8]\] and from mice tissues \[[@B15]\], where 97% of the present larvae were easily isolated in very clean suspensions. When using the same technique to recover tissue migrating larvae from blended liver and lung, \[[@B13],[@B16]\] found that comparable numbers of larvae could be obtained by the Macrobaermann technique and the agar-gel technique. However, the larval suspensions obtained from liver samples subjected to the agar-gel technique were much cleaner and therefore less time-consuming to count than the macrobaermann samples. A similar difference was not found for lung samples.

Various modifications of the agar-gel technique of \[[@B13],[@B16]\] for quantification of *A. suum*larvae in the liver and lungs of experimentally infected pigs have now been used in our laboratory (e.g. \[[@B5],[@B6],[@B4]\]), although there have been no systematic attempts to optimize the method or to evaluate the impact of the factors that may influence the recovery. Therefore, the aim of the present study was to optimize and standardize the agar-gel method for fast and reliable isolation of migrating *A. suum*larvae from pig livers and lungs.

Materials and methods
=====================

Experimental pigs
-----------------

Twenty-four crossbred Danish Landrace/Yorkshire/Duroc pigs of 20--25 kg body weight were obtained from a helminth-free research farm (Sjælland III). The pigs had free access to water and were fed a standard ration of ground barley with a supplement of proteins, minerals and vitamins throughout the experiments.

Parasite
--------

The CEP-strain of *Ascaris suum*was isolated in 1993 and since then maintained by passage in helminth naive pigs. The eggs were isolated from fresh faeces by sieving and cultured in vermiculite for 3 months at room temperature, and thereafter stored in tap water at 10°C.

Experimental protocol
---------------------

Eight groups of 3 pigs were experimentally infected with infective *A. suum*eggs via stomach tube. Pigs of experiments 1--4 were each inoculated with 100.000 eggs and slaughtered day 4 post infection (pi), while pigs of experiments 5--8 received 10.000 eggs and were slaughtered 7 days pi. This design secured a high number of larvae from the liver day 4 pi and from the lungs day 7 pi \[[@B11]\].

### Experiment 1

Effect of blending time and gentamycin. This experiment was designed to examine the rate of migration out of liver agar-gels (1, 2, 3 and 4 h), the effect of blending time and the effect of adding gentamycin to the samples.

The liver tissue blocks were blended for either 30 or 60 sec. At some occasions (see Table [1](#T1){ref-type="table"}), gentamycin (60 *μ*g/ml final concentration) was added to the blended tissue and the incubation jars. During incubation the gels were transferred one by one to new jars with saline (or saline + gentamycin) every 60 min for totally 4 h.

###### 

Impact of liver blending time, incubation time of agar-gels, and addition of gentamycin on numbers of *A. suum*larvae (mean ± D) recovered from liver tissue of pigs. Every hour gels were transferred to new jars and migrated larvae were sedimented 1 h in incubation jars, followed by 1 h sedimentation in conical beakers, n = 4.

  Blending time         Larval count after incubation (hours) of agar-gels   Total                         
  --------------------- ---------------------------------------------------- --------- --------- --------- --------
  30 sec                41 ± 16                                              18 ± 20   25 ± 16   6 ± 7     90^a^
  60 sec                141 ± 68                                             75 ± 31   67 ± 19   22 ± 17   305^b^
  60 sec + gentamycin   167 ± 59                                             49 ± 39   41 ± 23   15 ± 9    272^c^

Counts with different \"superscripts\" are significantly different (p \< 0.01)

### Experiment 2

Effect of incubation time, glucose and cooling. Here, we tested the effect of incubation time of the liver agar-gels (3 or 5 h), and addition of glucose to the saline plus the agar to promote larval migration out of the agar (see Table [2](#T2){ref-type="table"}). Rapid cooling of the agar gel jars with ice (after removal of the gels) was also tested to prevent larvae from \"swimming\" in the jars.

###### 

Impact of incubation time of agar-gels, sedimentation time in incubation jars, and addition of ice and 1% glucose to the incubation fluid and the agar on numbers of *A. suum*larvae (mean ± SD) recovered from liver tissue. All samples: One hour sedimentation in conical beakers, n = 4 unless something else is specified. No significant differences in worm counts between treatments were obtained.

                                   Incubation time of agar-gels                                                                              
  -------------------------------- ------------------------------ ----------- ------------------- ------------------- ---------- ----------- ----------
  Larval count in sediment         507 ± 81 (n = 3)               607 ± 310   750 ± 145 (n = 3)   657 ± 118 (n = 3)   849 ± 30   749 ± 276   812 ± 18
  Larval count \* in supernatant   4                              0           6                   7                   \-         13          4
  \% larvae in supernatant         \<1                            0           \<1                 \<1                 \-         3           \<1

\* n = 1

Glucose was added to the saline of some of the samples to a final concentration of 1% in the agar-gels and the incubation saline. About 500 ml of crushed ice was added to some of the jars after the removal of the agar-gels to lower the temperature quickly.

### Experiments 3 and 5

Effect of incubation time. The objective of these 2 experiments was to examine migratory ability of larvae from the liver (Exp. 3) and the lungs (Exp. 5) following incubation of agar-gels for varying length of time (1, 2, 3, 4 and 24 h).

### Experiments 4, 6 and 7

Effect of sedimentation time in the jars. These experiments were designed to examine the effect of sedimentation time in the agar-gel jars after the removal of agar-gels with liver (Exp. 4, see Table [3](#T3){ref-type="table"}) or lung (Exps. 6 and 7, see Table [4](#T4){ref-type="table"}) samples. Furthermore, the effect of sedimentation time in the conical beakers was examined on both liver larvae (day 4 pi) and lung larvae (day 7 pi).

###### 

Impact of sedimentation time in incubation jars and in conical beakers on numbers of *A. suum*larvae (mean ± SD) recovered from liver tissue. All samples: Three hours incubation of agar gels. n = 7 unless something else is specified. No significant differences in worm counts were obtained.

                                Sedimentation time in jars                                               
  ----------------------------- ---------------------------- ----------- ----------- ------------------- -------------------
  Larval count in sediment      699 ± 264                    759 ± 158   683 ± 183   720 ± 272 (n = 6)   757 ± 222 (n = 6)
  Larval count in supernatant   \-                           \-          17 ± 3      5 ± 3 (n = 6)       1 ± 1 (n = 6)
  \% larvae in supernatant      \-                           \-          2           1                   \<1

###### 

Impact of sedimentation time in incubation jars and in conical glasses on numbers of *A. suum*larvae (mean ± SD) recovered from lung tissue. All samples: Three hours incubation of agar gels, n = 4 unless something else is specified. No significant differences in worm counts were obtained.

                                Sedimentation time in jars                                         
  ----------------------------- ---------------------------- --------- -------- -------- --------- ---------
  Larval count in sediment      16 ± 2 (n = 3)               19 ± 12   20 ± 6   21 ± 8   25 ± 12   21 ± 10
  Larval count in supernatant   0 ± 0                        0 ± 0     0 ± 0    0 ± 0    0 ± 0     0 ± 0

### Experiment 8

Effect of sedimentation time in the beakers, cylinder glasses and gentamycin.

The objective of this experiment was to compare the sedimentations of lung larvae in 250 ml conical beakers with sedimentation in 500 ml cylinder glasses with vertical sides and to examine the possible effect of gentamycin on migration of lung larvae out of the agar-gels (see Table [5](#T5){ref-type="table"}). Gentamycin was added to some of the lung samples as described for Exp. 1. After incubation of the lung agar-gels at 38°C for 3 h and removing the gels, the samples were mixed in 2 large buckets (one with normal samples and one with gentamycin samples), whereafter each of a series of 500 ml subsamples of saline with larvae was poured into 2 conical beakers or into a 500 ml cylinder glass. The supernatants, as well as the sediments, were examined for larvae.

###### 

Impact of sedimentation time in conical beakers and cylinder glasses, and of addition of gentamycin on numbers of *A. suum*larvae (mean ± SD) recovered from lung tissue. All samples: Three hours incubation of agar gels, n = 8.

                                Sedimentation in                                           
  ----------------------------- ------------------ ----------- --------- -------- -------- --------
  Larval count in sediment      40 ± 7^a^          32 ± 7^b^   30 ± 9    25 ± 8   28 ± 8   30 ± 4
  Larval count in supernatant   0 ± 0              0 ± 0       \<1 ± 0   0 ± 0    0 ± 0    0 ± 0

Counts with different superscripts are significantly different (p \< 0.05)

The general agar-gel procedure
------------------------------

The pigs were killed using a captive bolt pistol, bled, and eviscerated. The livers (day 4 pi) and lungs (day 7 pi) were removed. The time interval between the slaughter of pigs and the start of the blending of tissue samples was about 1 h. The liver and lungs were examined for macroscopic lesions and cut into 2 × 2 × 5 cm tissue blocks and homogenized in a kitchen blender (Electronic, Braun, Germany) together with a small volume (about 10 ml) of normal saline for 60 sec unless otherwise specified (Exp.1), resulting in tissue pieces of 3--5 mm in diameter. Masses of 700--800 g of lung tissue or 800--1000 g of liver tissue were blended at a time. Fresh livers and lungs from an abattoir were used as supplements in Exps. 2 and 4 (livers) and Exps. 6, 7 and 8 (lungs) to increase the amount of tissue available for analysis. Pieces of tissue obtained from the abattoir were blended together with the infected organs and the whole mass of blended tissue from all pigs was thereafter mixed thoroughly for 10 min.

A modified version of the agar-gel method described by \[[@B13]-[@B16]\] was used. Subsamles of 200 g blended tissue were mixed with 0.9% NaCl (38°C) to 300 ml and subsequently mixed with 300 ml 2% agar solution (45°C) and immediately poured onto 3 horizontal trays (32 × 23 cm) with disposable cotton cloths. After the agar-gel had solidified, the 3 cloths with the adhering agar-gels were placed vertically in an incubation jar (34 × 23 × 6 cm) filled with warm (38°C) 0.9% NaCl and incubated in a room at 38°C.

Incubation of the agar-gels lasted 1--24 h as specified above, whereafter the gels were removed and the jar left to sediment at room temperature for 1--3 h as specified. The supernatant was aspirated and the sediment (approximately 400 ml) poured into 2 conical beakers (or a 500 ml glass cylinder, Exp. 4) at room temperature and left for 1/2--2 h. The supernatants were aspirated, and the sediments poured into a 50 ml tube and stored at 4°C. The larvae were allowed to settle overnight, whereafter they were counted at 40 × magnification using a stereomicroscope. At some occassions (see below) the supernatants normally discarded after sedimentation in the incubation jars and the conical beakers were examined for larvae by spinning the whole volumes down (7 min at 1200 rpm) before counting.

Statistical analyses
--------------------

All statistical analyses were performed using a student\'s *t*-test (GraphPad Prism version 2.01, 1996).

Results
=======

The larval suspensions obtained after 1--5 h incubation of gels with embedded liver or lung tissue were always very clean and especially the liver samples were much clearer than when the gels were incubated for 24 h. Furthermore, incubation of liver or lung agar-gels overnight at 38°C smelled bad compared to the short term incubation.

It was observed that significantly more *A. suum*larvae (p \< 0.05) migrated out when the liver tissue was blended for 60 sec compared to 30 sec, and that gentamycin, did not influence migration (Table [1](#T1){ref-type="table"}). Most larvae were found to migrate out of the gels within the first hours of incubation, and the migration rate seemed independent of blending time and addition of gentamycin. Table [2](#T2){ref-type="table"} shows that cooling with ice (reduced the temperature of the saline with 5--6°C) or addition of 1% glucose to the saline and agar did not influence recovery of the larvae from liver samples. Furthermore, most larvae had (as in exp.1) migrated out of the agar-gels within 3 h and there was no significant difference in larval numbers between 3 h and 5 h incubation. Therefore, 3 h incubation was used in the following experiments. Based on much higher larval counts, exp. 3 confirmed that most larvae (88%) migrated out of the liver agar samples within 3 h. Furthermore, larvae from embedded lungs tissue also migrated out in the largest numbers within the first few hrs of incubation (83% within 3 h, Fig. [1](#F1){ref-type="fig"}). Table [3](#T3){ref-type="table"} shows that sedimentation time in incubation jars and in conical beakers did not influence the recovered numbers of liver larvae significantly. The sedimentation time in exp. 6 for (1, 2 or 3 h) in the jars did not influence the recovery of lung tissue larvae significantly (the numbers were 67, 76 and 74 respectivly). This result was partly repeated in exp. 7 which also demonstrated that sedimentation time in conical beakers did not change the recovery significantly (Table [4](#T4){ref-type="table"}). No larvae could be recovered from the supernatants of the conical sedimentation beakers. Conical sedimentation beakers gave a significantly higher yield of lung larvae compared to cylinder glasses (p \< 0.05, Table [5](#T5){ref-type="table"}), while the addition of gentamycin had no or even a significantly negative influence (Table [5](#T5){ref-type="table"}).

![Impact of incubation time of agar-gels on numbers of *A. suum*larvae recovered from liver and lung tissue estimated by transfer of the gels to new jars at selected time intervals. All samples: one h sedimentation in agar-gel jars, 2 h sedimentation in conical beakers, n = 8.](1751-0147-42-279-1){#F1}

Discussion
==========

After having been proved practically very useful for quantitative large-scale isolation of *A. suum*larvae migrating in pig livers and lungs, the agar-gel method of \[[@B13],[@B16]\] had with time been modified in the various experiments performed in our laboratory. Originally, \[[@B13],[@B16]\] blended 5-cm tissue block for 60 sec, incubated the agar-gels overnight (without use of antibiotics), and harvested the larvae directly on a 15 *μ*m sieve (the other steps were largely as carried out in the present study). Afterwards, the sieving procedure for collecting the very small larvae has been replaced by sedimentation in the incubation jars followed by sedimentation in conical beakers, which is more safe. Thus, sedimentations replaced sieving in the experiments of \[[@B5],[@B6]\]. Furthermore, preliminary studies have indicated that most larvae leave the gels within the first few h of incubation (*Jungersen*, unpublished), thus incubation time has been reduced to 3 h in order to overcome the whole *post mortem*procedure within one day and to reduce the debris in the final samples (e.g. \[[@B6]\]). The latter quality saves time by facilitating the microscopical counting of larvae. \[[@B5],[@B6]\] also added antibiotics in order to reduce the bacterial growth during incubation and from small scale optimizations indicating higher recovery of lung larvae after addition of gentamycin (unpublished). Experiment 1 showed that blending time is critical, as 60 sec blending of 800--1000 g liver gave more than 3 times more larvae than 30 sec blending. Blending to very small tissue pieces on one hand facilitates the migration of larvae, while it on the other hand also must increase the number of larvae that become injuried, and which therefore may not be able to migrate in the gels afterwards (personal observation). The presently examined livers all had numerous white spots, but since they all origin from day 4 after a primary infection they may not yet have had the highly increased contents of connective tissue that characterises more chronically *A. suum*affected livers \[[@B18]\], and the degree of fibrosis may influence the outcome of blending, just like the sharpness of the knifes.

In the present study, gentamycin did not influence the larval recovery. Adding antibiotics was also suggested in order to reduce bacterial growth, but the reduction of the incubation period from 24 h to 3 h has largely eliminated this problem.

As the whole technique relies on the active migration of the larvae out of the gels, it was suggested that an easily available energy source, like 1% glucose, in the incubation saline and in the agar may increase the motility of the larvae and thereby increase the recovery. The results did not, however, indicate any effect on the liver larvae, which are the smallest and may be regarded as those which may be most sensitive to energy deficiency.

When observing macroscopically visible immature *A. suum*emerge from agar-embedded small intestinal contents, they are seen to be extremely active, being able to swim around in the saline of the incubation jars (personal observation). Therefore, we tested the effect of lowering the temperature of the incubation fluid with ice during sedimentation to immobilise the larvae. However, the decrease in temperature with only 5--6°C did not increase the recovery. Furthermore, repeated examinations of aspirated supernatants of both the incubation jars and the conical beakers only revealed a loss of 0--2% of the total numbers of recovered larvae, indicating that the problem with swimming, non-sedimented larvae is of minor importance. It may be concluded that sedimentations of 1 h in both incubation jars and conical beakers is sufficient. On the other hand, both liver and lung larvae may have been sufficient active so that they did not passively rest on the sides of the conical beakers, but assembled effectively on the bottom. This could also be the reason why cylindric sedimentation glasses did not give a higher recovery than the conical beakers, which has been found to be the case in other contexts \[[@B1]\].

The present results recommend a standardization of the agar-gel method for recovering of *A. suum*larvae from pig livers and lungs. This standard method includes a 60 sec blending of 800--1000 g liver tissue blocks or 700--800 g lung tissue blocks. A maximum of 300 ml sample/agar mixture on each cotton cloth, the agar should be incubated for exactly 3 h. By having this short incubation there is no need for addition of antibiotics. The sedimentation times in the incubation jars and the conical beakers should both be 1 h. This standard method is reproducible and in comparison with the original method of \[[@B13],[@B16]\] it is fast, results in very clean samples of larvae, and avoids the problematic sieving for concentration of the minute migrating larvae.
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